Breastfeeding and non-nutritive sucking patterns related to the prevalence of anterior open bite in primary dentition O bjective: Nutritional, immunological and psychological benefits of exclusive breastfeeding for the first 6 months of life are unequivocally recognized. However, mothers should also be aware of the importance of breastfeeding for promoting adequate oral development. This study evaluated the association between breastfeeding and non-nutritive sucking patterns and the prevalence of anterior open bite in primary dentition. Material and Methods: Infant feeding and non-nutritive sucking were investigated in a 3-6 year-old sample of 1,377 children, from São Paulo city, Brazil. Children were grouped according to breastfeeding duration: G1 -non-breastfed, G2 -shorter than 6 months, G3 -interruption between 6 and 12 months, and G4 -longer than 12 months. Three calibrated dentists performed clinical examinations and classified overbite into 3 categories: normal, anterior open bite and deep bite. Chi-square tests (p<0.05) with odds ratio (OR) calculation were used for intergroup comparisons. The impact of breastfeeding and non-nutritive sucking on the prevalence of anterior open bite was analyzed using binary logistic regression. Results: The prevalence estimates of anterior open bite were: 31.9% (G1), 26.1% (G2), 22.1% (G3), and 6.2% (G4). G1 would have significantly more chances of having anterior open bite compared with G4; in the total sample (OR=7.1) and in the subgroup without history of non-nutritive sucking (OR=9.3). Prolonging breastfeeding for 12 months was associated with a 3.7 times lower chance of having anterior open bite. In each year of persistence with non-nutritive sucking habits, the chance of developing this malocclusion increased in 2.38 times. Conclusions: Breastfeeding and non-nutritive sucking durations demonstrated opposite effects on the prediction of anterior open bite. Non-breastfed children presented significantly greater chances of having anterior open bite compared with those who were breastfed for periods longer than 12 months, demonstrating the beneficial influence of breastfeeding on dental occlusion.
INTRODUCTION
In addition to the well-recognized nutritional, immunological and psychological benefits, breastfeeding promotes adequate development of the oral myofunctional structures 3, 6, 8, 10, 11, 13, 14, 19, 21, 24 . Moreover, the association between short breastfeeding duration and increased prevalence of non-nutritive sucking habits has already been demonstrated 1, 7, 12, 14, 16, 20 . Several authors have also reported the close relationship between persistent non-nutritive sucking habits and the development of malocclusions 1, 2, 8, 12, [15] [16] [17] 21, 22, 25 . Although shorter breastfeeding practices play an indirect role in the etiology of malocclusions, the extent to which breastfeeding duration 2011;19(2):161- 8 periods and the development of malocclusions in primary dentition are associated still remains a matter of concern. Warren and Bishara 22 (2002) found no statistically significant differences in the comparisons of mean dental arch measurements and occlusal traits of non-breastfed children and those who were breastfed over three periods: shorter than 6 months, from 6 to 12 months, and longer than 12 months. However, in two Brazilian studies 16, 17 , posterior crossbite and anterior open bite were associated with breastfeeding for less than 9 months.
Controversial findings may be related to a positive history of persistent non-nutritive sucking habits while breastfeeding. The present study evaluated the association between different breastfeeding patterns and prevalence of anterior open bite, in primary dentition, considering not only a sample population in which persistent nonnutritive sucking appears to be a cultural feature, but also a subgroup of children without history of pacifier use and/or finger-sucking habits.
MATERIAL AND METhODS
This cross-sectional study is in agreement with Resolution 196/96 of the National Health Council/ Health Department (Brazil).
Mothers of 2,700 children aged 3 to 6 years, of both genders, attending 11 public preschools in the eastern region of São Paulo city, Southeastern Brazil, received an informed consent form and a questionnaire. All mothers were asked to sign the form and then complete the questionnaire, consisting of socio-demographic items, involving their children's name, date of birth, gender, as well as questions regarding both method and duration of infant feeding. Concerning the non-nutritive sucking behaviors, mothers were asked whether their children regularly sucked on pacifiers and/or developed finger-sucking habits.
Before this study began, the consistency of questionnaire interpretation was investigated in a group of 30 mothers, who were asked to answer all the proposed questions twice. An interval of at least two months was allowed to elapse between the first and second inquiries. The reliability of the mothers' answers was estimated by calculating the intraoperator Kappa concordance index (k). All studied variables presented a high degree of reliability, with k values of approximately 0.957. These questionnaires were not included in the present study sample, because the group of 30 mothers only participated in a pilot test.
From the preliminary study sample, 1,323 mother-child dyads (49%) were excluded because: 945 mothers did not return the questionnaires, 22 mothers did not sign the free and informed consent form, 71 questionnaires were incomplete or answered in an ambiguous fashion that precluded analyses, and 285 children did not meet the inclusion criteria or refused the clinical examination. Hence, the final study sample comprised 1,377 children. A minimum sample calculation was made, with a confidence level pre-set at 95%. For a 1% margin of error, a minimum corresponding sample size would be equal to 722. In order to raise the exactness of the estimates, the sample was enlarged.
All children included in the sample met the following criteria: good acceptance during the clinical examinations; complete primary dentition, without permanent teeth erupted or in eruption; absence of extensive caries lesions, crown destruction or proximal restorations that could compromise occlusion; absence of early loss of primary teeth and/or dental anomalies, and absence of orofacial clefts or any other developmental anomalies that could be detrimental to breastfeeding and dental occlusion. The children had never undergone orthodontic or speech therapy. Demographic and socioeconomic statistical data for the areas where the preschools were located had shown that the study population was on a low-to-middle income level and consisted of a culturally homogeneous sample, as they were all under the same ethnic and sociocultural influences.
In the study sample, the percentages of boys and girls were very close (50.1% and 49.9%, respectively). Nevertheless, the frequencies of boys and girls varied according to the age group. The presence of boys was predominant in the age groups of 3 (58.4%) and 6 (55.6%) years. On the other hand, girls represented slightly higher percentages than boys in the age groups of 4 (51.5%) and 5 (52.8%) years.
Three calibrated dentists, who were blind to the questionnaire data, performed the clinical examinations to assess overbite. Training and calibration involved occlusal examinations of 24 children, who were not included in the sample, twice, with an interval of 15 days between the assessments. The degree of intraexaminer agreement was analyzed by means of Kappa statistics. Spearman's correlation tests were used for assessing the consistency of diagnoses performed by pairs of examiners. Kappa (k) coefficients ranging from 0.89 to 1.00 were obtained for the three dentists, indicating very good agreement between data observed in the first and second clinical examinations. Furthermore, for the inter-examiner evaluation, correlation coefficients (Rs) higher than 0.90 were obtained for each pair of examiners, indicating the homogeneity in the diagnoses recorded.
Clinical examinations were performed in the school setting, with the child comfortably seated under a suitable source of artificial light. During the clinical examinations, the children were asked to sit in an upright position and bite in maximal intercuspation. By visual inspection, overbite characteristics were classified into 3 categories 4 : normal, negative (anterior open bite) and increased (deep bite). In this study, normal overbite was diagnosed whenever the incisal edges of the mandibular primary incisors contacted the palatal surfaces of the maxillary primary incisors, and about one third of the mandibular incisor crowns were covered; or whenever the incisal edges of the mandibular primary incisors contacted the incisal edges of the maxillary primary incisors. Negative overbite or anterior open bite was recorded as a lack of vertical contact between the maxillary and mandibular primary incisors. On the other hand, increased overbite or deep bite was defined as excessive vertical overlap.
After clinical examinations and based on the inclusion criteria, children were assigned to 4 groups according to breastfeeding duration in months 9, 23, 24 : G1 -non-breastfed (comprised children who were never breastfed or those children who were breastfed for a period shorter than 1 month); G2 -breastfeeding for a period shorter than 6 months of age; G3 -breastfeeding discontinued between 6 and 12 months of age; and G4 -breastfeeding for a period longer than 12 months of age. According to the World Health Organization (WHO) 24 (2006), exclusive breastfeeding is related to nutritive suckling on the mother's breast, whenever the child receives only breast milk and no other liquids or solids. Predominant breastfeeding, however, is related to nutritive suckling on the mother's breast with the occasional administration of liquids/ supplements by means of infant feeding methods that preclude artificial nipples, such as cupfeeding. Breastfeeding with occasional complementation may be done by offering liquids from a spoon or mug, but breast milk is considered the infant's predominant source of nourishment 24 . There also might be cases in which semisolid or solid foods are gradually introduced as the child grows and the teeth erupt, but breastfeeding still continues. In this situation, the infant feeding method may be designated as complementary breastfeeding 14 .
None of these categories were used in an isolated manner, as the study design comprised a variety of time intervals relative to breastfeeding duration. In the present study, breastfeeding duration patterns comprised exclusive, predominant and complementary breastfeeding phases, irrespective of the differences between categories, since the most relevant factor was the complete avoidance of bottle-feeding.
For statistical purposes, the selected children were also assigned to 2 groups according to a registered positive history of non-nutritive sucking: No habits -without history of pacifier and/or finger-sucking habits, and With habits -comprising children with history of non-nutritive sucking habits that persisted for varying periods, from 1 to 6 years of age. If the child presented a history of the two non-nutritive sucking habits (pacifier and fingersucking), the one that lasted for the longer period was chosen for statistical analyses.
Considering that anterior open bite would be elected as an occlusal "problem" because it demands interceptive orthodontic treatment during the primary dentition phase, the frequencies of this malocclusion were calculated for the study groups. Two-dimensional cross-tabulation was performed on questionnaire information versus clinical data. Combined data were submitted to the chi-square (c 2 ) test in order to analyze possible associations between breastfeeding duration and prevalence of anterior open bite. P values of less than 0.05 were considered statistically significant. Only for the comparisons in which the difference between groups was statistically significant, the odds ratio (OR) was calculated with 95% confidence intervals. The impact of each additional month of breastfeeding duration on the prevalence of anterior open bite, as well as the influence of each additional year of non-nutritive sucking duration, was analyzed using binary logistic regression.
RESULTS
A small group of children was not breastfed (8.6%). On the other hand, 52.3% were exclusively or predominantly breastfed for periods shorter than 6 months. Sample distribution according to gender Table 2 and can be visualized in Figure 1 . It should be explained, however, that these analyses were based on the total sample, without taking into account the history of non-nutritive sucking habits.
Based on data from Table 4 , 36.5% of the children did not have any history of non-nutritive sucking habits. The highest percentage of positive history of non-nutritive sucking, as would be expected, was observed in G1 (81.5%). Longer breastfeeding duration was significantly associated with lower chances of having non-nutritive sucking habits (Table 5 ). In fact, the binary logistic regression analysis demonstrated the significant influence of persistent non-nutritive sucking habits on the prevalence of anterior open bite (Table 6) . 
DISCUSSION
Anterior open bite in primary dentition has been associated with nutritive (bottle-feeding) and nonnutritive sucking habits 2, 5, 17 . Clinical interest in the etiology and early diagnosis of this malocclusion justifies the epidemiological investigations, considering that anterior open bite may require professional assistance during the primary dentition stage by counseling on discontinuation of sucking habits, associated with interceptive orthodontic treatment or not. Frequently, some intervention is needed not only to prevent dentoskeletal alterations, but also to eliminate perpetuating factors that modify swallowing pattern and speech, such as tongue interposition between the incisors.
For the total sample, prevalence of anterior open bite was greater in non-breastfed children (31.9%), being gradually lower in the breastfed groups. Legovic (Table 7) , non-breastfed children exhibited a ninefold higher prevalence of anterior open bite compared with those who were breastfed for longer than 12 months (9.09% versus 1.06%). Considering the overall results, it may be assumed that the present study clearly demonstrated an inverse relationship between breastfeeding duration and prevalence of anterior open bite, not only in the total sample, but also in the subsample of children without history of non-nutritive sucking (Tables 2, 3 and 8 and Figure 1) . The logistic regression model shown in Table 3 allows the calculation of distinct OR values by eligible breastfeeding durations, and in Figure 1 , the relative probabilities may be obtained. Notably, breastfeeding for 12 months was associated with a relatively low probability (about 12%) of occurrence of anterior open bite (Figure 1) . By means of the mathematical equation derived from the logistic regression model on Table  3 [OR=exponential(coefficient X time in months); 2.718(0.11 X 12)=3.7], prolonging breastfeeding for 12 months may be associated with a 3.7 times lower chance of having anterior open bite. Analysis of the association between breastfeeding and prevalence of anterior open bite indicated that breastfeeding practice interrupted between 6 and 12 months of age, or beyond 12 months of age, positively influenced dental occlusion, when compared with the complete absence of breastfeeding. However, breastfeeding for longer than 12 months of age had by far the best effect (Tables 2 and 8) .
As would be expected, persistent non-nutritive sucking habits also had an outstanding influence on the prevalence of anterior open bite (Table 6 and Figure 2) , corroborating the findings of other studies 1, 2, 12, 15, 17, 21 . For each additional year of persistence with non-nutritive sucking, there was a 2.38 times greater chance of having anterior open bite. However, dental occlusion may be affected by several genetic and environmental factors. In children without history of non-nutritive sucking habits, a North American study 1 and another Brazilian investigation 25 recorded prevalence values for anterior open bite of 0% and 1%, respectively. In South Kanara (India) 5 and Iowa (USA) 2 , among children without history of non-nutritive sucking habits, frequencies related to anterior open bite were 5.25% and 6.1%, respectively.
Comparative assessments of the influence of breastfeeding and non-nutritive sucking behaviors should take into account the time magnitude of these two variables. In general, breastfeeding does not last for a period longer than 12 months. On the other hand, non-nutritive sucking habits are more frequently ceased after 2 years of age 2, 15 . In fact, the age of persistence with non-nutritive sucking habits does not correspond exactly to their duration. However, the pacifier is generally introduced at very early ages 7 , and in Brazil, pacifier-sucking has been recorded with a much higher frequency when compared with finger-sucking 20 . Some authors stated that, for statistical purposes, the age of persistence with the pacifier-sucking habit was more meaningful than the age of beginning to use the dummy 17 . Therefore, the age at which the habit ceased would be a suitable indicator in retrospective studies with the goal of assessing the associations between non-nutritive sucking habits and the development of dental occlusion.
Warren and Bishara 22 (2002) had already mentioned the difficulty of analyzing the effects of breastfeeding on the development of the dental arches, because of the need for separating these effects from those of non-nutritive sucking habits. In this study, the effect of different breastfeeding patterns was also examined as an isolated factor. Non-breastfed children would be 9.3 times more prone to present anterior open bite in relation to children who received breastfeeding for periods (Tables 4 and 5 ), but also with lower chances of having anterior open bite in primary dentition (Tables 7 and 8) . Therefore, prolonged breastfeeding may exert a positive effect on the development of overbite in primary dentition, not only by satisfying the urge to suck and thus preventing the acquisition of non-nutritive sucking habits, but also possibly stimulating the proper tongue position and nose breathing.
Supportive advice on breastfeeding should be intensified during pregnancy and puerperium, including preventive dental visits even before the child's first tooth appears 18 . Prolonging breastfeeding is related to the gradual introduction of semisolid and solid foods in the child's diet, as the dental eruption process takes place, but eliminates the need to use a feeding bottle. The WHO has advised against offering artificial nipples (bottle and pacifier), because of the possibility of associations with early weaning and establishment of malocclusions 23 . This epidemiological investigation, by working with a sufficiently large sample, combined with enhanced selection criteria, careful division of the study groups and adequate assessment methods, demonstrated the fundamental basis of this argument for promoting breastfeeding. In a systematic review requested by WHO 9 , the authors stated that there are no benefits of introducing complementary foods between 4 and 6 months of age. The available evidence has demonstrated no apparent risks in recommending, as a general policy, exclusive breastfeeding for the first 6 months of life in both developing and developed country settings 9, 24 . There are some limitations when evaluating the findings of this research. The studied sample must not be considered an effective representation of the whole Brazilian population, given the remarkable geographical extension and the multitude of ethnic and cultural peculiarities of this country. The retrospective design of this investigation did not avoid recall bias. In fact, as in many other studies, data collection on infant feeding and non-nutritive sucking behaviors relied on maternal recall of information. However, the young age of the children enhanced the likelihood that the information yielded while filling out the different items of the questionnaire was reliable. Furthermore, a pilot test with the questionnaire used ascertained a suitable degree of reliability.
Because the positive influence of breastfeeding may be masked by the effect of exposure to persistent non-nutritive sucking habits, it is suggested that future studies should be planned with a multicenter design, comprising similar or larger samples. A longitudinal design would be more appropriate for validating the actual effect of breastfeeding on dental occlusion. Nevertheless, the demanding and time-consuming task, as well as the broad sample required for this type of assessment, makes it somewhat difficult to follow-up many individuals for a long period.
Despite the methodological limitations, this study represents a valid contribution to promoting breastfeeding. Mothers should be encouraged to breastfeed their children for periods as long as reasonably possible, considering the biological (maternal and infant) and logistic conditions that are implicated in this protective act.
CONCLUSIONS
Persistent non-nutritive sucking habits were significantly associated with greater chances of having anterior open bite. Furthermore, inverse relationships were observed between breastfeeding duration and the prevalence of non-nutritive sucking habits, as well as breastfeeding duration and the prevalence of anterior open bite;
The chances of diagnosing anterior open bite were significantly greater for non-breastfed children in comparison with those breastfed for periods longer than 12 months, even in children without a history of non-nutritive sucking habits; Therefore, prolonged breastfeeding practice, with total avoidance of bottles and artificial nipples, seems to exert very positive effects not only by preventing the acquisition of non-nutritive sucking habits, but also by directly stimulating proper oral development and dental occlusion.
